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Chapter 11 5. x>=tan’@

y2 =sec’ @
Parametric, Vector, and Polar sec? @ =1+tan> x
Functions y2 =1+x2
Section 11.1 Parametric Functions 6. x> =csc’@=1+cot’@
(pp. 537-543) y? =cot’ 0
X2 =1+ y2

Exploration 1 Investigating Cycloids

7. x*=cos> @
Yy =cos 20=2cos’> -1
y=2x2—1

[0, 20] by [-1, 8]
Y 8. x%=sin’6
2. x=2nar for any integer n. y=cos 20 =1-2sin’ 6
_1_9,2
3. a>0and1—cost=>0s0y=0. y=1-2x
4. An arch is produced by one complete turn of 9. cos®@+sin’H=1
the wheel. Thus, they are congruent. 24 y2 =1
2 2
5. The maximum value of y is 2a and occurs yo=l-x

when x =(2n+1)arx for any integer n. y=11- 2

i > <<
6. The function represented by the cycloid is since y 2 0 for 0 < 6< 7
periodic with period 2a 7, and each arch 5 .9
. 10. cos”@+sin”8=1
represents one period of the graph. In each

. 2 2
arch, the graph is concave down, has an X +y =1
absolute maximum of 2a at the midpoint, and y2 =1—x2
an absolute minimum of 0 at the two
. / 2
endpoints. y=—Vl-x

0 u since y <0 for z< <2
uick Review 11.1

Section 11.1 Exercises

1. r=x-1
y=2t+3=2(x-1)+3=2x+1 1. Yes, yis a function of x.
y=2x-9
2. 1=2 3
3 10 9,9

3
y=547 4:54@) ~3=2x"-3

3. x?=sin?t
y2 =cos’t

cos® ¢ +sin

2i=1

x2+y2=1

4. y=sin2t=2sintcost
y=2x
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2. Yes, yis a function of x.
_ X247
4

(3.4

3. Yes, yis a function of x.
y= X2 +1
y

I (1,V2)
©,1) |

4. No, y is not a function of x.

Z+lo=1
4

5. Yes, y is a function of x.
y=1- 2x2

2k

Section 11.1

6. No, y is not a function of x.
x =sin(3y)
y

4 -

(0, 3.14159) >

-2 (|0,0)_ 2
dy —2sint 1
7. (a) D _ s =——tan ¢
dx 4 cost 2
2
d
w
dx ar
d(_1
:E( Ltant)
4cost
I
_ ysecT 1
4cost
= ——sec’t

8. (a) ﬂ:ﬂ:ﬁ

dx —sin ¢
2 43
(b) —d2y=d’(. )
dx — sin ¢
& 330712
9. @ ——=— Y5
e ~(3)a+D
_ (9149
3¢
=-— 3+E
t

df_ 3
d*y dt( 3+t) NE)

(b) === =7
A2 _(%)(Hl)—l/z 312
1
dy
10. (a) ——=—L-=—
(a) PR

b) =4 — =y
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11.

12.

13.

14.

15.

16.

Section 11.1

(a)

(b)

(a)

(b)

(a)

(b)

(a)

b) —-=

(a)

(b)

(a) —=

(b)

dy _ 31
dx 2t-3
d (32
d*y _ dt(21—3)_6t2—18t

x> 20=3  (21-3)7

dy 21-1
dx 2t+1

d’y :%(%) 4

a2 2+l (241}

dy secttant _

5 =sint
dx  sec“t
2 4 gin¢
d—zy:d’—zzcos3t
dx sec”t
ﬂ=——2sm'(2t) =2cost
dx —2sint
2 d
y _ (2cost) _
dx?  —2sint
1
@ 40,
dx 1
1
2 d
d Yy — dt (4) =0
dx? %
!
dy _56 _Stest
dx %

17. (a)

(b) (0.5,-0.25)

(c) We seek to minimize y as a function of ¢,

18. (a)

(b)
(0

19. (a)

(b)

SO we compute fl—y =2t+1, which is
t

negative for -2 < t < -0.5 and positive for
—0.5 <t £ 2. There is a relative minimum
at r =-0.5, where (x, y) = (0.5, -0.25).

<

IIIIIIIIIIIIIIIIIIIx

1

(-1, 6)

We seek to minimize x as a function of ¢,

dx _
so we compute — =2¢+2, which is

dt

negative for -2 < ¢ < —1 and positive for
—1 <t < 3. There is a relative minimum at

t=-1, where (x, y) = (-1, 6).

y

L X

B
L

2,0
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(¢) We seek to maximize x as a function of 7,

dx C .
SO we compute d_ = 2cost, which is
t
positive for 0 <7 < 7 and negative for
.4 . . .
5 <t < 7x. There is a relative maximum

at ¢t = %, where (x, y) = (2, 0).

20. (a) y

() (0,2)

(c) We seek to minimize y as a function of z,
SO we compute % = 2secttant, which is
negative for —1 <t <0 and positive for

0 <t <1. There is a relative minimum at
t =0, where (x, y) = (0, 2).

21. (a) Y

N N
/LN

(b) (0, 1)
(c) We seek to maximize y as a function of ¢,
SO we compute j’—y = —2sin(2t), which is
t

positive for 1.5 <t <z and negative for
7 <t <4.5. There is a relative maximum
at t =z, where (x,y) =(0, 1).

22,

23.

Section 11.1 619
(a) Y

L I\ T T 1T 17T 177

(b) (In(50), In(400)) =~ (3.912, 5.991)

(¢) We seek to maximize x as a function of 7,
dx 1 C . ..
SO we compute o =—, which is positive
r t

for all > 0. There is an endpoint

maximum at ¢ = 10, where
(x, y) = (In(50), In(400)).

L = i(—1+sin t) =cost and
dr dt
@ :i(2+cost) =—sint.
dt dt
(a) Tangent is horizontal
Whenﬂ = Oandﬂ #0.
dt dt
dy
If d_ =0, then cos =0, and
1

x=2+cost=2.

If cost =0, then sin 7 = £1, and
y=-1+sint=0or-2.

The points are (2, 0) and (2, —2).

(b) Tangent is vertical when ? =0 and
t

d—y;tO. If ﬂ=0, then sin # =0, and
dt dt

y=—1+sint=—I.

If sint =0, then cos t =1, and
x=2+4+cost=1or3.

The points are (1, —1) and (3, —1).
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24,

25.

Section 11.1

&

dt
@
dt

(a)

(b)

dy
dt
dx

dt

(a)

(b)

= i(tan 1) = sec’ t and
dt

d
=—(sect) =secttant.
dt

. . d
Tangent is horizontal when d_y =0 and
t

dx . d
X £0. Since 2 =sec?
dt dt

there are no points where the tangent line

is horizontal.

t >0for all ¢,

Tangent is vertical when ? =0 and
t

d—y;tO. If ﬂ=0, then

dt dt

secttant =0, soy=tant =0.
If tant =0, then x =sect==*l1.

The points are (1, 0) and (-1, 0).

=i(z3—4t)=3t2—4 and
dt
d

=—2-1=-1.
dt( )

If %:0, then 3t —4=0 and
t

2 . .
t =+ —. Using the parametric formulas
3

for x and y, the points are
2 163 J

2 16\3
[Z_E’_TJ and (2+\/§, 9

(In decimal form, they are (0.845, —=3.079)
and (3.155, 3.079).)

Tangent is vertical when ? =0 and
t

d_y # 0. Since ﬂ =—1#0 for all x, there
dt dt
are no points where the tangent line is

vertical.

26.

27.

28.

d—y=i(1+3sint)=3cost and
dt dt
ﬂ:i(—2+3czost):—3sint.
dt dt

(a) If % =0, then cos ¢ =0 and
1

x=-2+4+3cost=-2.

If cost =0, then sin t ==*1, and
y=1+3sintr=-2or4.

The points are (=2, —2) and (-2, 4).

(b) Tangent is vertical when % =0 and
t

d—y;tO. If @:O, then sin r =0, and
dt dt

y=-2+3cost=-2.

If sin ¢ = 0, then cos ¢ = %1, and
x=-2+3cost=-5orl.

The points are (=5, 1) and (1, 1).

S = foz”\/(—sin 1?2 +(cost)? dr

2r
Szjo Vlat
S=12" =270
S=2r

S= I:\/(Scost)z +(=3sinr)? dt

s=[ oar
§=3,; =37-0
S=3x
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29.

30.

31.

32.

33.

7l2 . . 2 . 2,172
S:IO ((—8sint+8sint+8tcost)” +(8cost —8cost+8tsint)”) " “dt
/2
S = j: (8t cost)? +(8tsin)2)2dr
/2
S:_[” 8tdt
0
/2
S=4t2‘0 =720

S =x°

j 02”([—6 cos 2(£)sin(t)]? +[6sin> (t) cos()]* )2 at

= J.OM 6\/0084 (t)sin’ (1) +sin* () cos> (¢) dr

2
= 10”6\/{ cos? (t)+sin2(t][ cosz(t) sinz(t) dt
2
- jo”wcosz(z) sin?(7) dt
/2 .
= 4-I 6cost sint dt
0

/2
=4-j” 3.5in2f dt
0

/2
:12{—cos2t}
2 0
=6- [1-(-D]
=12

1/2

S =j§[(ﬁ)2 +(1+z)2j dt

3
S = jo (t* +4t+4)"%ar
_2ad

2

S

S= joz((\/& +8)2 +(2+1)? jl/zdt

2
S = jo 42 +12t+9)V? ar
S$=10

s :I;((tz)z + () 2ar
R
S=jo(z +17) dt

_22-1

3

S
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622  Section 11.1

/3
34. S= .[(;[ \/(sect—cost)2 +(—sint)2 dt
/3
= J}f \/tanzt dt

/3
= .[0 tan x dx

= [—ln|cosx|]g/3

=In2

35. (a) x'=-2sin2¢t, y'=2cos 2t, so

/2
Length = IO” J(=2 sin 20 + (2 cos 21)?

=j(f/22dz

=7.

(b) x"'=rmcosxt, y'=—rmsinrxt, so

1/2
Length= .[_/1/2 \/(ﬂ'COS 7n)2 + (=7 sin 7z'z)2dz

(2
—I l/zzrdt

=7.

2
36. x'=-3sint, y'=4cost, so Length = .[() ”\/ (=3 sin t)2 +(4 cos t)2 dt which using NINT evaluates to =

22.103.

37. In the first integral, replace ¢ with x. Then f becomes - =1.
t X

38. Parameterize the curve as x = g(y), y =y, ¢ <y < d. The parameter is y itself, so replace ¢ with y in the general

formula. Then d_y becomes ﬂ =1.
dt dy
39. @ =a(l—cost)
dt

(Note: integrate with respect to x from O to 2a 7; integrate with respect to t from 0 to 27.)
2arw
Area= I() y dx
2
= IO a(1—cost)a(l—cost) dt

2
:a2f0”(1—2cost+cos2t)dt
P 2r
=a®|t—2sint+—+—sin 2t
2 4 0

=37a>
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Section 11.1 623

40. ﬂ =a(l—cost), so
dt

2
Volume = IO " ala(l—cost)Pa(l—cost)dt

2
=7ra3j.oﬂ(1—3 cost+3 cos’t—cos t)dt
2w
=ra’|t-3 sint+§t+§sin 2t— sint—lsin3t
2 4 3 o

=57%a

41. x=at—bsint and
y=a—-b cost(0<b<a)

42. x=at-bsint and
y=a—-b cost(a<b<2a)

2
3. §=[ 7 (G3-2c0s0 +@sinn?) 2ar

2

S = jo T(9-12cost+4cos? 1 +4sin? 1)V dr
2

S=j0”(13—12cosz)1/2dz

§=21.010

4. 5=["(@-3c0sn? +Gsin0)

2
S = jo " (4—12cost+9cos? 1 +9sin2 1) 2 dr

2
S =jo”(13—12 cost)!2dr
§ ~21.010

45. False. Indeed, y may not even be a function of x. (See Example 1.)
46. True. The ordered pairs (x, f(x)) and (¢, f(f)) are exactly the same.

47. B
. . - 1 .. .
48. C;ifx=sintand y = csc #, then we can eliminate the parameter to get y =—. Since sin ¢ and csc ¢ are both
X

positive for 0 <t < %, the path follows a portion of the curve in the first quadrant, where y = 1 is
X
decreasing and concave up.
49. C; x=In(®)=In(y)
y=e*
50. D

51. (a) QP has length 7, so P can be obtained by starting at Q and moving ¢ sin 7 units right and 7 cos 7 units

downward.
(If either quantity is negative, the corresponding direction is reversed.) Since Q = (cost, sin?), the

Copyright © 2012 Pearson Education, Inc. Publishing as Prentice Hall.



624  Section 11.1

coordinates of P are x =cos ¢+ ¢sintand y =sin f — 7 cos ¢.

-
-

(b) x"=tcost, y' =tsint, so

2
Length = .[0 ”\/(t cos 1)2 +(¢sin t)zdt
2
= I T dr
0

=272
52. All distances are a times as big as before.
(@) x=a(cotr+tsint), y=a(sint—tcost)
(b) Length=2a7>

, . in @
For exercises 53—56, x"=vycos@ and y' =vysinf—32¢, andy=0forr=0or 7 = Yo 510

. The maximum height

Vo sin @

in6/16
is attained in mid-flight at ¢ = . To find the path length, evaluate J.(:O o \/ (vg cos 6)2 +(vgsinf - 320)2dt

. . 2
0 o
using NINT. To find the maximum height, calculate y,., =(vysiné) [ ! ;1211 j— 16(‘}0 ;12n ] .

53. (a) The projectile hits the ground when y = 0.
y=1(150 sin20°—-16t) =0
t=0ort =€ sin 20° = 3.206

x =150 c0s20°, y" =150 sin20°—32¢

(755in20°)/8 ) o 2 . .
Length = I() \/ (150 co0s20°)” + (150 sin20°—32¢)” dt which, using NINT, evaluates to
=~461.749 ft

(b) The maximum height of the projectile occurs when y'=0, so t = %sin 20°, y[%sin 200) =41.125 ft

54. (a) =641.236 ft

) 2% _37801 fi
64

55. (a) =840.421 ft

Copyright © 2012 Pearson Education, Inc. Publishing as Prentice Hall.



16,875

(b) =263.672 ft

56. (a) Itis not necessary to use NINT.

75/8
Length = jo / (150 —32¢) dt

150t 16278

5625

8
=703.125 ft

(b) % =351.5625 ft

2
57. §= jo "2xy (=sint)? +cost?) 2 dr

2
S= jo 27y (1) dt
2 .
= jo 27(2+sint) dt

= 271(2t ~cos ).

=872
2
8. s=[ 272y (" 4+ ar
172
2 1
S—fo 27[y(?+tj dt
172
2
:_[ 2ﬂ'~zt3/2(1+tj dt
0 3 t
1/2
2
= 4z t3lil+t:| dt
03 t

2
=.[ 4—”t(1+t2)1/2dt
03

=~14.214

59. S= jgzny @202 + )2 ar

3
S =j0 2xy At + )V ar

3
= jo 27t + )42 + 1)V % dr
=178.561

Section 11.2 625

/3
60. S= j(;[ 2 y((sect —cost)® +(—sin1)>)2 dr

/3
S = .[0 27 cos t(sec:2 t —1)1/2dt
/3
= .[0 2rcosttant dt
/3 .
= 27[_[0 sint dt

=2 (—cos t)|g/3

= 27[[—l+1j
2

=

Section 11.2 Vectors in the Plane (pp. 544—-554)

Quick Review

1. y6-1D2+3-2)% =17

, 3721
~1 4
3. Solve 3_b:l,b:§.
5-3 4 2
=~ 1
4. Slope of PO =-—, so
RO
372 573 db=11.

5. Slope of AB = Slope of C_D, SO

and a =4.

6. Slope of AB = Slope of C_D, SO

and b =6.

d
7. v(t)=—(tsint
() dt( )
v(t) =sint+tcost
a(z)=i(sint+tcost)
dt

a(t)=2cost—tsint

8. x(t)= jv(t)dt = f(stz —120)dt
x(t) =1 —6t> +C

x(0) =0 —6(0)% + C = 40
C=40

x(4)=4% —6(4)> +40=8

Copyright © 2012 Pearson Education, Inc. Publishing as Prentice Hall.
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10.

Section 11.2

|x(0)] = ‘ j04 v(t)dt
4
[ﬁ —612J0‘ -3

2
jo”\/(zcos 26)2 +(=3sin3n)2dr

4 .2
= jo (3% —120)dt

0]

2
- IO 7 Jacos? 2 +9sin2 3¢ dt
=15.289

Section 11.2 Exercises

1.

2.

(2,3)-(0, 0)=(2,3)
0,0)-(2,3)=(-2,-3)
@ -D-(, 3)=(1, -4)

4+2 3-1
—=(-L1
> 5 (=11

(-1, D=(0, 0)=(-1, 1)

M=v22+2% =8
V2

tan@ =—, @ =45°
2

M= ,/( )+\/_ =2

V2

tand =——, 6 =135°

V2

] =A3" +12 =2

tan49=i, 6 =30°

V3

P=

=27 +(-245) =
2.3

tan @ = , 8 =240°
2

M=v=5)?+0% =5

tanez%, 6 =180°

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

. =V0%+4% =
[v]=

cos&=9, 6 =90°
4

x =4cos(180°) =—4
y=4sin(180°) =0

(-4.0)

x =6¢0s(270°) =0

y = 65in(270°) = -6
(0.-6)

x =5c0s(100°) = -0.868
y =5sin(100°) =~ 4.924
(~0.868,4.924)

x=13c08(200°) = -12.216
y =135in(200°) = —4.446
(~12.216, —4.446)

3

L

.4

y=3/2sin (@f)
T 4

(.3

X = 2\/§ cos (@f)
7T 6

y= 2\/§sm(178[0 Z)
. 5)

3

3

V3

@ (33), 3(-2))=(9, -6)

(b) 92 +(=6)%2 =117 =313

@ (-2(-2),-2(5)=(4,-10)

(b) 4% +(=10)> =116 =229

@ (3+(-2),-2+5)=(1,3)

) V1Z+32 =410

@ (3-(-2).-2-5)=(5.-7)
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(b)

21. (a)

(b)

22. (a)

(b)

23. (a)

(b)

24. (a)

V52 (=T =14

2u =(2(3), 2(=2)) = (6, — 4)
3v=(3 (=2), 3(5)) = (-6, 15)
2u-3v=(6-(-6), —4—15)=(12, —19)

V122 +(=19)2 =505

—2u=(-2(3), -2(-2))=(-6,4)
5v=(5(-2), 5(5)=(-10, 25)
—2u+5v = (-6+(-10), 4+25)

=(-16, 29)
J(=16)% +29% =/1097
3 3 3 9 6
Zu=({Z@®3), = (-2))=(Z, -=
5" <5() 5( )> <5 5>
4 4 4 8
Iv={2(2), 25))=(-2, 4
5V<()5()><5 >
3 4 <9[8) 6 >
—“u+—v=(—+4——|, ——+4
5 5 5 5) 5

OB

5 5 5

5 5 5
ETh <—E(3)s —E(—2)>

(1510
13713
12 12 12 24 60
—V=(2(D), SO = —
13 13 13 13713

5 12 15 243 10 60
——ut—v=(——4| - |, —+—
13 13 13 13) 13 13

Section 11.2 627

25. Initial velocity is 70° north of east:
325(cos70°, sin70°) = (111.157, 305.400).
Wind velocity is 130° north of east:
40(cos130°, sin130°) = (-25.712, 30.642).
Add the two vectors to get
~(85.445, 336.042).

The speed is the magnitude, = 346.735 mph.

336,042

445
north of east, or =14.266° east of north.

The direction is tan™! ( ) =~ 75.734°

26. x=4cosl35=-22
y=4sin135=22

The true velocity is <2 - 2\/5, 2\/§>, so the

true angle is 8 = cos! [#J =106.3°

and the true speed is

J2-242)2 +(242)? = 2.95 mph

27. v =3 _ i<3r2, 2¢3> - <6t, 6t2>
dt dt

_ 0 _d g 62\
an == —dt<6t,6t )=(6.121)

dr(t)
dt

d,.
= E(sm 2t, 2cost>

28. v(t)=

= <2 cos2t, —2sin t)

_dv()
a(t) = _dt

d .
= E(Zcos 2t,—2sin t>
= (—4 sin 2f, — 2cost>

dr(t)

29. v(t)=
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628  Section 11.2

_dr(t)
ot

= %(2005 3t, 2sin 4t>

30. v()

= <—6 sin 3¢, 8 cos 4t>

_dv()

T oar

= i<—6 sin 3¢, 8 cos 4t>
dt

a(r)

=(-18cos3t, —32sin 4)

dr(?)
dt

d
=—< 2 ysin 2t, 2 —cos2t>
dt

= (2t +2cos2t, 2t + 2sin 2f)
dv(t)
dt
= %(2: +2c0s2t, 2+ 2sin 2t)

31. v(r)=

a(t) =

=(2—4sin2s, 2+4cos2t)

dr(?)
dt

d .
=E<tsmt, tcost)

32. v(t)=

= <sint +tcost, cost—tsint)
dav(t)
dt

a(t) =

d ;. .
=d—<smt+tcost, cost —tsint)
t

= <ZCost—tsint, —25int—tcost>

33. (a) The position vector of the ball at any time ¢ is r(¢) = (x(t), y(t)), where x(7) = 907 cos 55° and
Y(t) =90t sin 55° —16¢>.

)

b) v(¥)= s
=(90c0s 55°, 90sin 55°—32¢)

(¢) Find y(¥) when x(7) = 230.
Rir=90Tcosi. r=80TsiniE_

T=4 4EEE
REeF0001zl TY=10.85218

[-20, 250] by [-10, 150]
0<t<5
No, the hit does not clear the 20-foot fence.
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34.

35.

Section 11.2 629
(d) See the graph in part (c). The ball hits the fence after about 4.4555 seconds.

(e) Evaluate |v(t)| at £ = 4.4555.
Iv(1)| = (9008 55°)2 + (90sin 55°— 321)2

|v(4.4555)| = \/(90005 55°)% +(90sin 55° — 32 - 4.4555)>
= 86.055 ft/sec

(a) The position vector of the ball at any time ¢ is r(¢) = (x(t), y(t)), where x(¢) = 90 + 81¢ cos 57° and
y(t) =81¢sin 57°—16¢>.
Note that (0, 0) is on the ground at the punters goal line, 30 yards = 90 feet from the kicking location.

dx dy>
b) v(t)=(—,—=
by v <dz dt
=(81cos57°, 81sin57°-32t)

(¢) Find ¢ when x(¢) = 270.
90+81fcos57° =270
81tcos57° =180
180

- 8lcos57°
The ball is “over” the player after about 4.08 seconds.
(d) Find y(r) when t = 4.08.

¥(4.08) = 81(4.08) sin 57° - 16(4.08)°
=10.821
It is unlikely that the player will be able to catch the ball without backing up.

dr(t)
dt

d .
= E(cos 3t, sin 2t>

v(t) =

= <—3 sin 3¢, 2 cos 2t>

_dv(t)
a(n) = dt

= i(—S sin 3¢, 2cos 2t>
dt
= (—9 cos3t, —4sin 2t>

<

[-1.6,1.6] by [-1.1, 1.1]
0<r<2m
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dr(t)
36. v(t)=—=
® 7
= i(sin 4¢, cos 3t>
dt
= (4 cos4t, —3sin 3t>
dav(t)
a(fr) =——
(®) I

= %(4005 4¢, —3sin 3t>
= (—16 sin 4¢, —9cos3t>

]

[-1.6, 1.6] by [-1.1, 1.1]
0<r<2m

37. @) v(H)= di<sin 4t cost, sin 21)
t

= <4cos4t cost—sintsin4t, 2cos 2t>‘, = (57/4)
=(22,0)

Speed: 22

(b)

[-4,4]by [-1.2, 1.2]
0<t<2rm

(¢) To the right

38. (a) v(®)= i<et +e !, e —e_t>

dt
=<et—e_t, et+e_t>
dy _
dar e +e! e 1_1

(b) lim e lim = lim

[—>o0 E 1—>o0 et _e_t t—>o0 e2t _1

(¢) For any ¢,
x2 _y2 =(et +e—t)2 _(et _e—z)z
2621+2+€_2t—(€2t—2+€_2t)
=4

Copyright © 2012 Pearson Education, Inc. Publishing as Prentice Hall.



(d) The velocity at =0 is (0, 2).

39. (a)

(b)

40. (a)

<j033t2 —2tdt, I§1+cos7zt dt>+<2, 6)

:<(;3 -2 )E (t—#%sinlztj ’

=(2+18,6+3)
=(20,9)

>+<2, 6)

3
Io \/(312 - 21)2 +(1+cos ﬂt)zdt

=19.343

< | *2 cosdztd, j34z sin 27rtdt> +(7,2)
0 0

1. 3 3
= <5 sin 47rt|0 , —2C0s 2m|0> + (7, 2)

=(7+0, 2+0)

-(7.2)

3
(b) [ \@mcosdmn)® +(@msin2m)di

41. (a)

=~28.523

<J'§(t +)7lar, J'O3(z + 2)_2dt> +(3,-2)

- <1n(t FO L+ 2)‘1‘Z>+ (3,-2)

=(3+In4, -1.7)

(b) Lj\/((t+1)_1)2 +(t+272) dr

42. (a)

=~1.419

<I§e’ —tdr, Ee’ +1 dt>+(1, 1)

=(1+14.586, 1+23.586)
= (15.586, 24.586)

2
e+ E
2

0

0

+(1,1)

43.

44.

45.

Section 11.2 631

(b) I()3\/(et —02 4 +1)at
=27.791

The parametric equations are x = £ —12+2

1 .
and y=r+—sinz+6.
/4

[0, 23] by [5, 10]
0<r<3

The parametric equations are
1.
x= Es1n(47rt) +7 and y=-2cos(2xt)+4.

(Note: The particle traverses the Figure-8 three
times, finishing where it started.)

[6, 8] by [1.5, 6.5]
0<r<3

d T T
a) v(t)=—(5cos—t,3sin—t
@ 0= scos 1. 35n 1)

5 . &m 1 V.4
v(t)=(——msin—t, —mwcos—t
6 6 2 6

5 . & (1 z \
[v(t)|=,|| —=7sin=r | +| =mcos=¢

6 6 2 6
lv)|=7 /l ~2.399

12

(b) a(t)=i —iiz'sinzt, l7rcos£t
dt 2 6

6 6
2 2
a2) = —SLcoszt,—”—singt
36 6 12 6
t=2
2 2
a(2) = _SL,_” V3
72 24
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2
(c) ¥% = [5 cos%tj

p-foe

=1

x

r L,y y
25 9
46. (a) v(r) = di(sec 7t, tan it)

t
V(ij = <7z sec xrt tan 7t 7zsec2 7z't>|t:1/4
V(lj = <\/§ﬂ' 27r>
4
2
speed: ( 271') + (27[)2 = \/gﬂ'

(b) x* = (secm)2
2 _ 2
y“ =(tan zt)
X2 - y2 =1

(¢) The upper part of the right branch:

[-1,3.7] by [-1, 3.1]
0<r<1/2

d/1-1> 2
47. (a) V()=
vy dl<1+t2 1+t>
4t 2-2¢
=(- ,
v < (1+1%)? (1+t2)2>

(b) No; the x-component of velocity is zero only if # = 0, while the y-component of velocity is zero only if
t=1. At no time will the velocity be <O, 0).

2
(© lim <1_—’2 iz> = (-1, 0)

1o \ 141~ 1+t

48. (a) v(r) = di<sin t, cos 21)
t

v(t) = <cos t,—2sin 2t>

(b) v()= <O, O) where t = % andr = 37”
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49.

50.

51.

(c)

(d)

(a)

(b)

(V)]

~

(a

(b)

(0

(a)

(b)

()
(d)

cos2t =1—2sin’ ¢
y =1-2x2

/TN
[ 1A

[-2,2] by [-1.5, 1.5]
0<t<2rm

d/; . t /ot 1 ! -
d_ e sint, e cost) =(e sint+e cost, e cost—e sint
1

¢ cost—é sint 1

e sint+¢é cost| _x

==
2

<e1 sin(1)+ ¢! cos (1), ¢ cos(l)—e sin (1)> — (3.756, — 0.817)

V()| =(3.756)2 + (~0.817)% = 3.844

1
IO\/(e’ sint+e' cost)2 +(e' cost—e' sint)zdt =~2.430

g—tz—& Zg =<m,2ﬂ>
dt 3

V)| = 2@) +2(4)?)?
[v(4)| = J1088 = 32.985

j(;‘((zz)2 + (22 gt ~ 46.062

t=+3+x

y=§(3+x)3/2

dy 12
—=QG+x
i (3+x)

4
3+ jz (2 +sin(t?)) dt =3.942

Y=y =m(x—x)
-6

x=3
2+sin4( )

y=5=

Speed = (2 +sin4)2 +(=6)? = 6.127

(8c0s16, 2(2+sin16)+7(8)cos16) = (-7.661,—50.205)

Copyright © 2012 Pearson Education, Inc. Publishing as Prentice Hall.
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52,

53.

54.

5S.

56.

57.

58.

59.

Section 11.2

(@ y—y =mx—x)
_ 3cos4
sin 8

y=5 (x=4)

(b) Speed = (3cos4)® +(sin8)% ~ 2.196

© I;\/ (3cos(t*)* +(sin(r))* dr = 2.741

() (4+ j;sin(ﬁ) dr, 5+Iz3300$(t2) dtj
~ (4.004, 5.724)

False; for example, u and —1(u) have opposite
directions.

False; for example, <\/§ 0>+(0, 1) =<\/§, 1>,

which has a direction angle of 30°.

E: i< 249, ln(2t+3)>:<2t, ! >
dt

2t+3
Dl LNy 4+
dt 2t+3 (2t +3)?

. <4+I()2cos(t2) dt, 7+I§Sin(l3)dl>

(4+0.461, 7+0.452)
= (4.461, 7.452)

i~

=

; X =7cos40=5.36
¥ =7sin40=4.50
Xy =4co0s140 =-3.06
vy =4sin140 =2.57

J(5.36-3.06)2 +(4.50+ 2.57)>
= 7435

=

; ﬂ =2cos2t
dt

ﬂ = —5sin 5¢
dt

Speed = y(2cos4)? +(~5sin10)2 =3.018

The velocity vector is <—x, V11— x? >, which
V1-— x?

X

has slope — . The acceleration vector

is

Copyright © 2012 Pearson Education, Inc.

60.

61.

62.

P OV PO | O O e
<dt( x)’dt( o )> < i’ fi_2 dt>

>, which has slope

2
X X
={ X, — .
< V1-x? V1-x?
Since the slopes are negative reciprocals of
each other, the vectors are orthogonal.

The position vector is {cost, sint), which has
slope tan 7. The velocity vector is

(—sint, cost), which has slope —L. The
tanzt

acceleration vector is (—cost, —sint), which

has slope tan ¢. The velocity slope is the
negative reciprocal of the position and
acceleration slopes, so velocity is orthogonal
to position and to acceleration.

3t
a) t-3=—-4
(a) 5
z—2=—1
2
t=2
. 2 3t
Since t = 2 also solves (1 —3) :3—2,

the particles collide when ¢ = 2.

(b) First particle: v{(2)=(1, -2), so the

direction unit vector is <L —i>
NERNA
. 3 3
Second particle: v, (¢) = E’ E , so the

1 1
V272 >
(a) Referring to the figure, look at the circular
arc from the point where ¢ =0 to the point

“m”. On the one hand, this arc has length
given by 7,8, but it also has length given

direction unit vector is <

by vz. Setting these two quantities equal
gives the result.

(b) v(r)= <—v sinv—t, vCos v_t> and

o o

v2 vt v2 . vt
a(t)=( ——cos—, ——sin—

o o o ]
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o
the law of gravitation gives the result.

2
(¢) From part (b), a(?) = —[l] r(t). So, by Newton’s second law, F = —m[ Y

(d) Set E =27z and solve for vT.

o
. 2 . M
(e) Substitute il for vin v2 =G— and solve for T2.
o
27, ¥ GM
T ro
Ar*n?  GM
T2 )
1__Gu
T2 47z2r03
4 2
7247 73
GM

63. Use the hint. TRACE until Y is approximately 8.
Hip=dd0Tcos. Yp=dd0Tsini-

T=C.HEHEE
WEZZE.ArEFE VEROOPLEZ:

A closer view:
¥r=110Taos. Yr=110Tsinl

T=C.HEHFZ "k.
nerZe o sHOLE ¥=7.9887L05

o

Section 11.2 635

2
J r. Substituting for F in

The screens confirm that the ball is at a height of 8 feet after about 5.069 seconds when it is about 323 feet

from home plate.

64. Letu= <a, b> be one of the vectors. It has slope b , so the perpendicular vector v must have slope —% .
a

Thus v = <kb, —ka> for some nonzero scalar &, and the dot product is

u-v=_{a,b), (kb,—ka)=kab+(~kab)=0.

65. (a) The diagram shows, by vector addition, that v+ w=u,sow=u-v.

(b) This is just the Law of Cosines applied to the triangle, the sides of which are the magnitudes of the

vectors.
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636  Section 11.3
(¢) By the HMT Rule, w=(u; v}, uy —v,).So
|“|2 +|V|2 _|W|2 :(”12 +“§)+(V12 +V%)—[(’41 —V1)2 +(uy —Vz)z}
=u12 +u% +V12 +v% —[ulz —2uv +v12 +u§ —2uyvy +v%}
= 2M1V1 + 2[42\)2
= 2([41\)1 + M2V2)
(d) From part (b), |W|2 = |u|2 +|V|2 —2|u||v|cos 6, so |u|2 +|V|2 —|W|2 = 2|u||v|cos .
From part (c), |u|2 +|V|2 —|w|2 =2(uyv, +uyv, ). Substituting, we get 2(uyvy +u,v, ) = 2|u|[v|cos 6,
SOW-V =1V +UyVy = |u||v|cos 0.
Section 11.3 Polar Functions (pp. 555-566)

Quick Review 11.3

1. x=4 cos30=23

y=4 sin30=2
(243, 2)
2 A=7z'r2£=7r(6)22 3
360 360
3 A= H Lo L w2 oan
8\2x) 16
4. 2+y2=25
1/2 1/2
2 4_ 2
S. Graph y= and y=— 3
dy
6. L _dr
dx @

7. —%cot(2) =0.763
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y
8. —écott=0, ) t=£ or 3 2.
3 2 2 3

Se

x=3cos£=0 x=3cos3—7[=0
2 2

) N S I | &L 1 1 |

.4 3
=5sin—=>5 =5sin—=-5 L C 5
Y 2 Y 2

(0, 5) and (0, =5)

9. -3sint=0,st=0ort=r.
x=3c0s0=3 x=3coszt=-3
y=5sin0=0 y=5sinz=0 @) 5”}

x=-3cos| —
(3,0) and (-3, 0) 6

sm)_-3
6 2

N3
2

y=-3sin

(
53

2 72

10. L;r\/(3cost)2 +(5sint)dr = 12763

Section 11.3 Exercises

1. Y
(b) x=500s[tan_1[ij]
2 3
A
N e
I I T B | 1 1 L> x y_SSIHEtan [3)]

3.4

3

4

aQ
¢
0

(¢) x=-lcosTrm=1
y=—1sin77x=0
(1,0)

(@) x=+2cos Zj:l
4 2r
i @d x=23 cos(?j=—\/§
y=\/§sin(—]=l
4

. (27
(1’ 1) y=2\/§ SIH(TJZS
(b) x=1cos(0)=1 (+3.3)
y=1sin (0)=0 3 v
(1,0) : 4
»-C
(c) szcos(%j:O Wl
é - 1 1 1 1 5I X
)’=Osin[§j20 b :.B
V4
(d) x=—\/2—cos[zj=—1 @ r=r(=)2+12 =2
y=—x/§sin(%j=—1 6 =tan”! —Ll =—5—7[,37
L.-D (\/E,_?Tﬂ- and[\/z,%[]
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() r=y1+(~3) =+2 @ r=v210% =£2
-1(0
- 6 = tan 1[—}:0, 27
€=tan_1££J:_£’2_” >
! 33 (2,0)and (2,27)
(—2, ﬁj and (2,—£j
3 3 S. y
5_

(@ r= (—«/§)Z+(—l)2=iz

6 =tan"! (_—1] _T Tz -

[—2, Zj and [2, 7—”) S. y
6 6 S
(b) r=v32+42 =45
9=tan_l(ij T R | .7. |5' x
3
—5,7Z'+tan_l(i) and| 5, tan™! [ij
3 3

BN
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9. y 15. Limagon

x (D

[-4.5,4.5] by [-3, 3]
0<6<2rm

B

[eNE
-

16. Limacgon

_ (N
N/

[-3,3]by [-2,2]
X 0<0<2m

10.

~

L 17. Lemniscate

().
)

Pl
11. Cardioid
&’_ ™, [-3.3] by [-2.2]
i n/4<0<m/4
q-‘_\_JJH
18. Lemniscate

[-3,3]by [-2,2]
0<6<2r O
12. Cardioid C_)

[-1.5, 1.5] by [-1, 1]

19. Circle
[-6, 6] by [-4, 4]
0<6<2rm
13. Rose
[-6, 6] by [-4, 4]
[ 0<6<r
20. Circle

[-3,3] by [-2,2]

0<6<rm

—
14. Rose

Q\O [-4.5,4.5] by [-3, 3]
OQ 0<6<n

[-4.5,4.5] by [-3, 3]
0<6<2rm

Copyright © 2012 Pearson Education, Inc. Publishing as Prentice Hall.
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21. r=4cscé 31. Itis a parabola.

- N
rsin @

y =4, a horizontal line

22. r=-3secé L6.6]by [_4.4]
P 0<0<2m
rcos@ _
x =-3, a vertical line 32. Itis a parabola.

23. x+y=1aline T

(slope = -1, y-intercept = 1)

24, 2 =x2+y% =1, [-6. 6] by [-4, 4]
a circle (center = (0, 0), radius = 1) 0<6<2n
5 33. Itis a parabola.
25, r=———
sin@—2cosé
5 \\}
~ rsin@—2rcos@ /
y—2x =5, aline (slope = 2, y-intercept = 5)

[-6, 6] by [-4, 4]
26. r?sin 20 =2 0=6<2m
2 .
r7(2sin6 cos ) =2 34. Itis a parabola.
2xy=2
xy =1, a hyperbola
R
27. r?cos?@=r?sin@
x% = yz, the union of two lines: y =+ x [-6, 6] by [-4, 4]
0<6<2r
28. 2 =—4rcosb .
) r2 reos 35. Itis a hyperbola.
x“+y" =—4x B
X tdx+4-4+y2 =0 R/
(x+2)% +y% =4, a circle /\
(center = (-2, 0), radius = 2) 4
[-6, 6] by [-4, 4]
29. > =8rsin@ 0<6<2m
2 2 .
x“+y"—=8rsinf+16-16=0 36. Itis an ellipse.

x% +(y—4)? =16, a circle

(center = (0, 4), radius = 4) C M

"

30. r=2cos@+2siné

72 =2rcos@+2rsinf [-6, 6] by [4, 4]
0<6<2rm

x2+y2 =2x+2y
()c—l)2 -i—(y—l)2 =2, a circle

(center =(1, 1), radius = \/5 )
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37.

38.

39.

40.

41.

It is an ellipse.

o Y

.
b

[-6, 6] by [-4, 4]
0<6<2rm

It is a hyperbola.

[-6, 6] by [-4, 4]
0<6<2rm

AR

r=—1+sin@

dy dia((—nsin 6) sin )
— =4 :

ﬁ((—l +sin#) cosH)
dy (2sin@—1)cos @

dx  cos? ¢9—sin2 6 —sin@
At6=0:—1
At@=r:1

r=cos 26
dy d%,(cosZ& sin &)
dy _ cos @ cos 26 —2sin @ sin 26

dx —sin@ cos260—2cosé sin 260
At @ =0 : undefined

Aato=-".0
2

ate=".0
2
At @ = r: undefined

r=2-3siné

dy _ %(2—35in¢9) sin@

dx j—0(2—3sin9) cos @

dy _ (2—-6sin ) cos @

dx sin@ (35in¢9—2)—3cos2 o

42,

43.

44.

Section 11.3 641

2
At (2,0):——
(2,0 3

At (—1, fj; 0
2

2
At (2, ). —
( )3

At [5, 3—”) 0
2

r=3({-cos8)
dy dig(?a (1-cos®)sin )

dx j—9(3 (1-cos8) cos6)

d_y_ —6c0s” 0+3cosf+3
dx 3sinf (2cosd—1)

At (1 s, %j undefined
At (4.5, 2—”) 0

3
At (6, rr): undefined

At (3, 3—ﬂ-):l
2

2w

J. l(4+2(:ost9)2 de
02

2
=j0”%(16+16cos9+4cos2 6)de

2
= [ (8+8cos0+1+cos20)d0

1 2
= {90+8sin9+—sin 20}

2 0
=187

2w

| L 242sin0)2 0
02

2
=J‘O”%(4+8sin6+4sin2 0)do

2
=j0”(2+4sin6+1—cos29)d6

1 2
=|360—-4cos@——sin 26
[39-4ec- 3]
=6r—4+4
=6r
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/4 4 /4 /4
j” 1 cos20)2 a6 = j”/ cos2(20)d6 51. 2[” l(zsine)zdezj” 4sin20d6
-ml/47 0o 2 0
14 14
—j” ( “’54‘9) 6 =j” 2(1-cos260)d6
_[Q+ sin 4HTM —[2€—sm 2(9]7[/4
_r
8

52. 2[[(;’ L 2sing)2a0+ j’” Ly dﬁj

21 . 2 _ 2r . 2
46. IO 5(2511149) de_jo 2sin®(46)do =.[0 4sin29d9+f,[,6 126

2w
= - /6
Io (1-co0s86)do =J’(f (2—200829)d¢9+§

. 2
mnSH}
=|6- _ /6 7
{ 8 =[26—sin 201, 3
=2 2_7[_£
14 3 2
47. j —(4cos26)d6 =sin26|" |
_2 72’/21 _ 2 V3 l 2
53. 2U0 J[20-coso)Pd6+ jmz(z) dé
/3 12
48, 6%[ % (25in36)d6 = 2cos36/"" _ L;’ 4(1—200s¢9+00529)d€+IZ/24d9
=2-(-2)=4

12
=j” (4—8cosO+2(1+cos26))dO+ 21

=[660—- 851n19+s1n219]”/2 +2r

2
49, j”l(3—2cos9)2d9
=57-8

2
—I ”1(9 12cos 6+ 4cos’ 0)do 721 )
54. 4j (2= cos0))de

2
= ”[——6cosﬁ+1+cos26jd6’ oo 5
0 (2 :4_[0 (2—4cos@+2cos” 6)do

2

/2
_ {%_“me%m 26} = [ 8-16c0s 0+ 4(1+c0520))d6
0

M 1z—0=11z =[126-16sin @ +25in 26017

=67-16
5716 . 2
50. _[ _(2 sind—-1)"d6 55. The requested area is inside of the upper
s2/6 semicircle and outside of the portion of the
J‘ i (2 sinZ @—2sin O+ 2}10 cardioid that is in Quadrants I and II.
71 . 2
27— | —(2(1-sinH))“de
Sr/6

—I § (1 c0s26—-2sinf+— )d& IO 2

DS L .2
o6 =2 jo (2—4sin 6+ 2sin> 6)d6
_| 36 sin26 2cosd Ja
S|y T, Teces =27z—j (2—4sin6+1—cos26)d6
/6 0
343 d
:ﬁ—T—0544 =2ﬂ—[39+4cos6—%sin26}
0

=8-r
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/6 1 2 2 59.
56. 4[_”/65((4 c0s26)> —2%)do P
16
:4[(;[ (16cos2 20 —4)d6 )
7l6
=4[ B(1+cos46)-4)do [3.31by£2,2)
/16 0<6<
= [7°(16-+32c0546) d6 "
=166 +8sin 461%°
=§£+mﬁ
3
57. m
w Slope =
[-3, 3] by [-2, 2]
0 < @< r&for the circle = |:
0 < @< 2 for the cardioid

58.

/3
2](;[ %((30059)2—(1+0056)2)d6

/3
=j(f (8cos> @—1-2cos6)do

N | =

Section 11.3 643

[ "L 2sin30)2d0 = [ "25in236d6
07 0

- L;[(l—cos 66)d6

1 T
= [9——Sin 69}
6 0

d . .
%6 (2sin 36 sin @) |
d .
16 (2sin 36 cos 6) ‘927[/4

60. (a) j(f”(\/ 2 S?y}

6 sin @ cos 36+ 2 cosBsin 36}
6cos@ cos36 —2sin @ sin 36 O=r/d

3/4

y2+1 _i

/3 _
=Lf (4(1+cos 20) —1 -2 cos )d6 1+
=[36+2sin 20 - 2sin O1F > .
=7'[+\/§_\/§_0 ln[ \/y +1+
=T = 2

=0.347

&ﬂ (b) x=rcoséd

y=rsiné

[-6, 6] by [-4, 4]
0<6<2rm

Lfé(zz —(2(1-sin)%)do

=jg’(2—2+4sin9—2sin29)d9

=L;[(4sin6—1+005249)d6

= [—40036—6+%sin 26}

=4—-7—(-4)
=8-r

T

0

1
o5

r2(cos2 6 —sin’ 0)=1

(¢c) Leta= tan”! (%)

Then the area is

(cos2 6—sin> @

2 6

)c2 =1+y2

1

cos> O —sin’ @

Jao.

61. True; polar coordinates determine a unique

point.

Copyright © 2012 Pearson Education, Inc. Publishing as Prentice Hall.



644  Section 11.3

62. False; integrating from O to 27 traverses the curve twice, giving twice the area. The correct upper limit of
integration is 7.

63. D
64. E
65. B
66. D

67. (a)

[-9. 9] by [-6. 6]

(b)

[-9, 9] by [-6, 6]

(c) The graph of r is the graph of 5 rotated counterclockwise about the origin by angle c.

68. (a) k=08
K=0.5 K=0.1
[-9, 91 by [-6, 6]

The graphs are ellipses.

(b) As k — 0%, the graph approaches the circle of radius 2 centered at the origin.

69. (a) x"7/ ey
AN

[-5, 251 by [-10, 10]
The graphs are hyperbolas.

(b) As k — 1%, the right branch of the hyperbola goes to infinity and “disappears.” The left branch
approaches the parabola y2 =4-4x.

70. (a) \&\:}\\
o

[-9, 9] by [-6, 6]
The graphs are parabolas.

(b) As k — 07, the limit of the graph is the negative x-axis.
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71 d =[(x, —x)% +(yy — y) 172

d :[(}"2 COS62 | (:0501)2 +(I‘2 Sin€2 -5 sin 61)2]1/2
d =[r,"cos” 6, +1" cos” 6 +r,"sin” @, + 1" sin” G +2 11, cos G| cos &, +2 1, sin ), sin G, |

d = [rl2 + r22 —2 1y, cos(6; — 6, )]1/2

1 2 a . 27
72. (a 1-cos@) df =—I[0—sinb]y" =
(a) 27[_0]‘0 a(l—cosB) 27[[ sin 8], a

27 a 2r
(b) jo ad6=g[6]o =a

2r—0

1 7/2 _ay. w2 2a
WL”/zacose deo —;[smt?]_”/2 =

(©)

0[N

2 2
73. (3—2) + (3—2) =(f"(6) cos@— f(6) sinB)* + (f'(6) sin O+ f(6) cosb)*

=(f"(6) cos0)* +(f(8) sin0)* +('(6) sin )% + (f(8) cos H)*
=(f(6))*(cos’ O+sin® 6) + (f'(8))*(cos® 6 +sin’ B)
=(f(0)* +(£'(6)

2
A
46
74. j()z”\/(1+cose)2 +(—sin6)> d6 = L)zﬂx/2cos€+2 6
T
= 2j V2cos@+2 dé
0

- 2j”2cos 940
0 2

T
=8sin (gj
2

=8

0

Quick Quiz Sections 11.1-11.3
1. A

d

2. G ﬂ:-(ﬁ 21 =32 -2
dt

dt

32 -2t=0
t(3t—2)=0

z=0,%
3
3. D.

1,7 . 2
4. (a) Area:Ejo (6+sin 26)" d6 =4.382
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(b) —2=rcos@ =(6+sin 26)cosb (27 1
— 0=2.786 S y=sin| == =7
(c) The graph is getting closer to the origin as = cos(z—”j _ _ﬁ
2 3 2

. .4
@ increases from E to T

(d) Maximize r = @ +sin 26 for OSQS%.
. (7 1
%:1+20052¢9 6. y=sm[gj=5
14+2cos 20 =0 (”j 3
1 x=cos| — |=—
00529:—5 6 2
z RO
0=3 272
Since£—1+200529>0for0<¢9<£and
dé 3 7. r=@*+(=D* =17

£=1+200s29<0f0r £<6<£,
de 3 2

[\S]

- )

there is a maximum of » when 6 :% by

3 4
the First Derivative test. The curve is 8. -5 <§’ g> - <_3’ - 4>
farthest from the origin when 6 = z
3 N
9. (a) y= T.X' + Z
Chapter 11 Review Exercises (pp. 567-568)
L @) 33,4)-42-5)=(-17, 32) o @il

dx l(%tant)

() V=172 +(32)% =/1313 d “

d—)yczsint
2. (@) (3,4)+(2—-5) =(-1,~1) 2y s
b) D2+ =42 a  Lsecs x.
3. (a) —2(-3 4)=(6,—8) d’y 1
a4

() {62 +(=8)> =10

4. (a) 5(2,-5)=(10,-25)

(b) 10% +(=25)% =725 =529

10. (a) y=—3x+§
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11. (a)

(b)

12. (a)

d 3
ay_ali=3)
dx d 1
a1+ 5)
3
dy_ 2
dx _z%
dy__3,
dx 2
d 3
dzy_E(_El) _33
2 _2 7
dx A 2 t=2
d2y
_2:6
dx
dy df1 1
— =—| —sect |=—sect tant
dr  dr\2 2

Horizontal: % =0=tant=0=>x=0
t

Also,tant =0=sect=x1=y :i%

The point are [O, —l) and (O, lj
2 2

de df1 | )

—=—| —tant |=—sec” ¢t

dt  dt\2 2

Vertical: ? = (0= sect =0 (impossible)
t

There are no points where the tangents
are vertical.

i(25int)=2cost
dt
2cost =0

T T
t=— and t=——
2

T .4
=2sin| — |=2and y =2sin| ——
g [2j g ( 2)

=2

X = —ZCos(zj =0andx = —2005[—£j
2 2

=0
(0, 2) and (0, —2)

Chapter 11 Review 647

d
b) —(2cost)=-2sint
()dt( cos?) sin

—2sint =0

t=0 and t=7

x=-2cos0=—-2 and x=-2coswt=2
y=2sin0=0 and y=2sinz=0
(—2,0) and (2, 0)

i(cos2 t) =—-2sint cost
dt

d dy ) .
—2costsint
dx & sint

dt
dy
—=0at (0,0
y 0,0

X

dx__

dy ~ 2cost
vertical tangents.

is never zero. There are no

i(9sint) =9cost
t

9cost =0
t:z and t:—Z
2 2

x=4cos£=0
2

x=4cos[—£j=0
2

T
=9sin| —— [=-9
’ ( 2)

T
—osinZ -9
y s1n2
(0, 9)and (0, —9)

i(4cost)=—4sint
dt

—4sint =0

t=0 or t=rw
x=4cos0=4, x=4cosr=-4
y=9sin0=0, y=9sinzr=0
(4,0) and (-4, 0)

15. Cardioid

iR

L

[-3.3] by [-2,2]
0<60<2m
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16.

17.

18.

19.

20.

21.

Chapter 11 Review

Convex limacon

di
NS

[-4.5,4.5] by [-3, 3]
0<6<2m

4-petaled rose

[-1.5, 1.5] by [-1, 1]
0<6<2rm

Vertical line

[-3,3] by [-2, 2]
-m/2<60<m/2

Lemniscate

)
CJ

[-1.5, 1.5] by [-1, 1]
0<0<m/2

Circle

W

[-1.5, 1.5] by [-1, 1]

0<06<rm

i(cos 26)sin@

i(cos 26) cos @

—sin @ cos28—2cos @ sin 260

0
_{ cos @ cos26 —2sin @ sin 26
4

L.

T

3

%(2+cos 26)sin@
%(2-%00520) cos@

22,

—sin @ cos26 —2cos@ sin 260 —2sin 6
=0.346

23. i l—cos(gj sin @
de 2

(9 s sin@ sin(%)

_{ cos @ cos20 —2sin @ sin 26 +2cos @ }
6=rl3

=—cosf cos| — +cos@

O

=0, y=+0443, y=+1739

4
(1 cos QJ]COSB
2
067, x

~

cosBsm Q
=sin @ cos [gj 2 ——="—sinf#=0

x=2,x= :—1104

24, %(2(1 —sin@)sinf) =(2—4sinf) cosd =0

d
—(2(1—sin @) cos @
de( ( ) )

= 2sin O(sin @ —1)—2cos’ @
=0
x=0, x=%2.598

25. The tips of the petals are at the points where
r =sin26 =1, which are the points where

=z 3” 5” d ——. The slope is
T4 4 4
dy
dy _ a6
dx
de
(die)(sin 205sin 6)
- (dia) (sin 26 cos 8)
_ 2c0s26sin @ +sin 28 cos
2c0826cos @ +sin20sin
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6 ) m= % Tangent line
% (\/zz,g) -1 y=—x+:2
w| (28 | | s
() | 1 | et

26. The cardioid crosses the x-axis at the points
where 6 =0 and 6 = 7. The slope is

dy
dy _ag
dx &
de
(die)((nsin )sin )

(%)((1 +sin8)cos 6)

_cos@sin@+(1+sinf)cosé
cos@cos@+(1+sinH)sin 6

0 (x, ) m= % Tangent line
0 (1,0) 1 y=x-1
T (-1,0) -1 y=—x—1

27. x=y,aline

28. 7% =3rcosf

X+ y2 =3x, a circle

center = [i, O), radius = é
2 2

sin@ 1
cos@ cos@

29, P =4r

2 cos? 6=4rsin@

X2 = 4y, a parabola

30.

31.

32,

33.

34.

35.

36.

Chapter 11 Review 649

r (cos o cos% —sin @ sin EJ 2\/7

V.4 .4
Xcos——ysin— = 2\/5
37

1 3
L AN
2T 3

x—\/gy =43

X

— 4,
V3

ory=

a line

x2+y2+5y=0
> +5rsin@=0
r=-5sin6@

x2+y2—2y=0
> —2rsinf=0
r=2siné

x2+4y2—16
2 cos? 6+ 4r2 sin 6—16 or
2 16

r e s

cos? ¢9+4sin2 o
(x+2)2+(y-57%=16

(rcos@+2)% +(rsinf-5)> =16

[ 2”(1(2—«)5 29)2j de
0o 2

1 2r
= |:—(sin 26 cos260 —2(4 sin26 — 99))}
0
27
2

o

2

—j( (sin36) jdﬁ

1 7T
= {——(sin 36 cos360— 39)}
36 o
_r
12
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7. 4{[ —(1+cos26) do— I”Ml(l) d&} {Ig/4(cos29+%jd€}

sin20 46+sin40 "
=4 +
2 16

0
/4

= [2sin 26+¢9+lsin 46}
4 0

=2+2
4

38. j —(2(1+sm9)) dé- j ~(2sin9)%> do = j 2(1+2sin@+sin” 6)dO - j 2sin> 8d6

=j0 (2+4sin9+1—cos29)d¢9—j0 (1-c0s26)dé

1 2 1 V4
={39—4cos€——sin26} —{9——sin26}
2 0 2 0
=6r-4-0+4-7+0
=5x
39. (a) v(r)= i4cost,i\/5 sin ¢t
dt dt
v(t) = <—4smt x/zcost>
<di(—4 sint), \/E cost>
t

a(t) =(—4cost,—2 smt>

a(r)

(b) <—4cos£, -2 sin£>
4 4

40. (a) v(r) = <d \/5 sect, —\/_ tant>
1
v(t) = <\/§ sect tant, \/g sec t>
<d \/gsect tant, d \/ESCCZ t>
dt dt
a(t) = <\/_ (sect tan? 1 +sec’ 1), 2\/5 sec? f tan t>

a(r)
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41.

42,

43.

(b) <\/§ sec(0) tan(0), \/g se02(0)>
0:5)

Speed = \/02 + \/52

=3

oL 14
dt 1442 dt 1442

v(t) = —t 1
(1+t2)3/2 ’ (1+t2)3/2

2 | 2
speed = ( _2t3/2J +[ 23/2J
(1+12) (1+12)

1
speed = —
1+1
The maximum value of is 1, when
1+1?

t=0.
r(t)= <et cost, e sint>, with slope

¢ sint
=tant.

' cost

_ /. rs to t
v(t) = <e cost—e sint,e sint+e cost>
a(r) = <—2et sint, 2¢' cost>, with slope

2¢' cost 1 .
=— . Since the slopes are

—2¢' sint tant?

negative reciprocals, the angle is always 90°.

r(t)= <I—sint dt,J'cost dt>
r(t)= (cost+C1, sint +C2>
cos(0)+C; =0,C; =-1
sin(0)+C, =1,C, =1

r(t) ={cost—1,sint+1)

44.

45.

46.

47.

Chapter 11 Review 651

dt tdt
s

(1)

r(t) =<tan‘1z+C1, Vi +1+C2>

tan” 10+ C =1,C =1

V0P +1+C, =1,C, =0

r(t) = <tan_l t+1, t* +1>

r(t) = ,
2 +1

v(t) = < [oar, | 2dt>
v(1)=(0,2t+C)
200)+C =0
C=0
So v(2) =/0, 2t)
r(t) = <jo dr, [2 d:>
r(t) =1, +C)
0>+C=0
C=0

r(f) = <1, t2>

v(t) = < [-2dr.[-2 dz>

V() =(=2t+C}, =2t +C,)
“2()+C, =4,C; =6
—2(1)+C2 = 0, C2 =2

r(t) = <.[(—2t +6)dt, J' (-2t + 2)dt>
r(t) = <—t2 +61+C, —12 +2t+C2>
~)? +6()+C, =3,C; =2

~)? +2()+Cy =3,C, =2

r(t) = <—t2 +6t-2, e +2t+2>

—37 sin (%t)

4
i[Ssin Ezj _ 57T cos (%t)
4 4

A
&
N’
VR

(98]
(@)
o
w
&N
-
Ne—
Il

ﬁw?wﬁ{wﬁm
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(b) d {—37[ sin(Zt)]

dt 4

t=3
372 cos (E t)

4
16

=3

372

T 16v2
i[Sn cos(ﬁt)}

dt 4
577 sin (E t)

4
16

=3

=3

sr?

TN

2
(c) x? =[3cos%1j and y2 =£5 sin%t]

2L
9 25
dy
dy _ar
48. (a) E—E

dt
t . t
_ e sint+e cost

e cost—é sint

_cost+sint
cost—sint
d -1
a1
dx|,_, -1

(b) d_y =¢ (sint +cost), @ = (cost—sint)
dt dt

dt
= (1+2sinf cost)

dt
=2 (1—2costsint)

|V(l)| =\/ezt 2= 2

v3)| = V2

2
d . .
(_y =2 (s1n2 t+2sint cost +cos> 1)

2
dx . .
(— =% (cos2 t—2 cost sint +sin’ 1)

(©) Distance = [ |v(r)] ds
=[e2
=21,
= (-2

dr’ dt
v(4) = <8, 95—6>, and

2
= g4 20] 2104
lv(4)| = 8+(5] S

49. (a) v(r) :<@ ﬂ> =<2t,gt2>,

4 6 5\
(b) Distance = jo (2t)2+(gt2j dt

4
=_[ gt 25+9¢% dt
05

{ 2 2 3/2}4
=| —=(25+91%)
135 0
414
135
() t=+x+2, so

dy DoeC 3
d_w_5 3, 3007
ac A2 s s

t
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50. x degrees east of north is (90 — x) degrees north of east.

51.

52.

53.

Add the vectors:
(540 cos 10°, 540 sin 10°) + (55 cos (—10°), 55 sin (—10°)) = (595 cos 10°, 485 sin 10°)
= (585.961, 84.219).

Speed ~v/585.9612 +84.219% ~591.982 mph.
585.961

Direction =~ tan~!
219

) =~ 81.821° east of north

=2t+0

x=t>’+C xO)=r=C=x

x=12+ﬂ'

@ a,=2
.
VX

y= cos(t2 +77)
Position = (t2 + 7, cos(t2 + 7))

(b) At this point 1> +7=4,s0 1 =~/4—7.

Speed = /(202 +(21(=sin(% + 7))

t=A\4-1

=2.324

33
(a) VA([) = <1, 2> and Vg ([) = <E, E>

(b) j03\/1+(2r—4)2 dt =~6.126

(c) Setting x4 = xp, we find that r = 4. Plugging t =4 into y4 and yp, we find that both values are

the same (4). Thus, the particles collide when ¢ = 4. (Note: If you graph both paths, they will cross
at (-1, 1). However, the particles are there at different times.

2
{ )d& 32
1+sin @

(a) Area= ﬂ—(

(b) The polar equation is equivalent to r+rsin @ =4. Thus,
r=4—rsin@

r? = (4—rsin )
¥4yt ==y’
X2 +y2 =16—8y-i—y2
8y =16—x*

2
4
(¢) Area= I_4(2 —%] dx, which, indeed, is %

Copyright © 2012 Pearson Education, Inc. Publishing as Prentice Hall.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 99
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 2400
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 2400
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


